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本文结合二氧化钛 (TiO2)、N-异丙基丙烯酰胺 (NIPAM) 和丙烯酸 (AA) 的
特性，制备了具有光敏、温敏和 pH 敏感性能的复合微球，并进一步考察了复合
微球在不同温度和 pH 值下对甲基橙溶液 (MO) 的光降解反应。 
用溶胶凝胶法制备了 TiO2 纳米粒子，并用 γ-甲基丙烯酰氧基丙基三甲氧基
硅烷  (γ-MPS) 对表面进行改性，继而采用光引发自由基聚合制备了
P(NIPAM-co-AA) 包裹 TiO2 的复合微球，考察了共聚单体 AA、表面活性剂司盘
80 (Span80) 在反应体系中的加入量对制备微球的影响，并比较了不用干燥方法
对微球成球的影响。 
通过傅里叶红外光谱 (FTIR)、热重分析 (TGA)、X 射线衍射 (XRD)、扫描
电子显微镜 (SEM)、透射电镜 (TEM) 和 X 射线光电子能谱 (XPS) 等手段对微
球的组成、结构和形态进行了表征分析。研究结果表明：TiO2 被成功包埋在聚
合物中，复合微球的粒径约为 2.5 μm ，具有良好的球形度和分散度。 
采用动态光散射仪 (DLS) 测试了一系列不同温度和 pH 值下微球的溶胀
变化情况。微球的体积相变温度 (VPTT) 随 pH 值变化，pH 值增大， VPTT 上
升，表现出快速的环境响应性。 







W/O 型乳液，通过 UV 引发光聚合生成有机物包裹无机粒子的复合微球。 
 

















Composite microspheres with photo-, thermo- and pH-sensitive properties were 
prepared using titanium dioxide (TiO2), N-isopropylacrylamide (NIPAM) and acrylic 
acid (AA). Then their photodegradation of methyl orange (MO) solution under 
different temperatures and pHs was studied. 
TiO2 nanoparticles were prepared by sol-gel method and modified by silane 
coupling agent, γ-methacryloxypropyltrimethoxysilane (γ-MPS). P(NIPAM- co-AA) / 
TiO2 composites were produced via photo-induced radical polymerization. The effects 
of the contents of AA, Span80 and different drying conditions on the preparation were 
investigated. 
Composition, structure and morphology of the composites were characterized by 
Fourier-transform infrared spectra (FTIR), thermogravimetric analysis (TGA), X-ray 
diffraction (XRD), scanning electron microscope (SEM), transmission electron 
microscopy (TEM) and X-ray photoelectron spectroscopy (XPS). The results indicate 
that TiO2 was successfully encapsulated in the copolymer in spherical shapes with 
size of 2.5 μm. 
The thermo and pH- responsive properties of the composites were observed using 
dynamic light scattering (DLS). Both pH and temperature are found to have great 
effects on the VPTT of the composite which exhibits rapid pH- and thermo-sensitivity. 
The photocatalytic property of the composites was studied using UV-vis 
spectrophotometer on the degradation of methyl orange (MO) solution with various 
pHs and temperatures. Degradation ratio is higher at low pH and increases as the 
temperatures rises when the temperature is above volume phase transition temperature 
(VPTT). The degradation process was repeated for five times and the photocatalysis 
activity of the composite microspheres was still good enough for recycle.  
Besides, synthesis of uniform microspheres via microfluidic devices was 
preliminarily investigated. Microfluidic chips made of chrome plate glass were 















into W/O emulsions in the microfluidic device. Then the emulsions were produced via 
photo-induced radical polymerization. 
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意图[1]，(1, 8) 是典型的核壳结构，(2) 是分散夹心结构，(3, 6) 是山莓状结构，(4) 是




图 1.1 复合微球的结构示意图 

























图 1.2 液滴内成核机理 









酸酯 (Poly methyl methylacrylate，PMMA) 包埋了 ZnO 无机颗粒，比较了无机颗粒表面
处理对包埋效果的影响，发现聚二甲基硅氧烷处理过的 ZnO 分散稳定性远远优于未处
理的 ZnO，使得包埋效果大大提高。而用亲水性聚合物包埋无机颗粒能实现较好的效果，
Denkbas 等[3] 用壳聚糖包埋了磁性微球，包埋效果很好，微球光滑。 

























解，包埋效果往往比悬浮聚合法好。Xu 等[4] 将 Fe3O4 分散到单体、交联剂的混合溶液
作为水相，加入含 Span80 的环己烷，超声成 W/O 型细乳液，用偶氮二异丁腈热引发制










图 1.3 非液滴内成核机理 
Fig. 1.3 Non-droplets nucleation mechanism 
 



























然后从水相中吸收单体，在微球内聚合。Nagai 等 [8] 用反应性阳离子表面活性 








剂)，聚合后的聚合物不溶于溶剂。聚乙烯醇 (poly vinyl alcohol, PVA)、聚乙烯吡咯烷










    Zhang[15] 等人将醋酸铅溶解在甲基丙烯酸水溶液中，与油相制成 W/O 型乳液，用
反相悬浮聚合法合成了包埋 Pb2+ 的聚甲基丙烯酸 (poly methylacrylic acid, PMAA) 微
球，然后加入 H2S，使之扩散进入微球内部原位生成 PbS 沉淀，形成无机颗粒为核、聚
合物为壳的复合微球。 
Ding[16] 等人制备了聚苯乙烯微球，用硅烷偶联剂 KH570 对表面进行硅烷化处理后，
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